This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL' PROPERTY" ORGANIZATION 
Ifllenutiooil JBuroio 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER TJTE PATENT COOPERATION TREATY (PCD 



(51) International Patent Classification 5 : 

C07K7/34, 7/10, A61K 37/02 
A61K 37/28 . 



Al 



(11) tnternitiqpaJ Publication Nnmter: • WO 91/11457 

C43) International Publication Date: . 8 August 1991 (08.08.91) 



(21) International Application Number; PCT/US9 1/00500 

(22) International Filing Date: 24 January 1991 (24.01.91) 



(30) Priority data: 
468,736 



24 January 1990 (24.01.90) US 



(60) Parent Application or Grant 
(63) Related by Continuation 
US 

Filed on 



468,736 (CIP) 
24 January 1990 (24.01.90) 



(71X72) Applicants and Inventors: BUCKLEY, Douglas, I. [US/ 
US]; 215 Broolcwood Road, Woodside, CA 94062 (US). 
HABENER, Joel, F. [US/US]; 217 Plymouth Roa^ 
Newton Highlands, MA 02I6I (US). MALLORY, 
• Joanne, B. [US/US1; 243 Acalaoes, Apt. 9, Sunnyvale, 
CA 94086 (US). MOJSOV, Svetlaoa [YU/YU]; 504 East 
63rd Street, New York, NY 10O21 (US). 



(74) Agents: MURASHIGE, Kate\ H. et al.; Irell & Manella, 
54$Middlefield Road, Suite 200, Menlo Park, CA.94025 
(US). - 



(81) Designated States: AT (European patent), BE (European 
. *• patent), CA, CH (European patent), DE (European pa- 
tent), DK (European patent), ES (European patent), FR 
{European patent), GB (European patent), GR (Euro- 
pean patent), IT (European patent), JP, LU (European 
patent), NL (European patent), SE (European patent), 
US. 



Published 

With international search report 



(54) Title: GLP-1 ANALOGS USEFUL FOR DIABETES TREATMENT 



(57) Abstract 

The invention provides effective analogs of the activo GLP-l peptides, 7-34, 7-35, 7-36, and 7-37, which have improved 
characteristics for treatment of diabetes Type II. These analogs havo amino acid substitutions at positions 7-10 and/or are trun- 
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compared to GLP-1 (7-37) or both. Either of these properties will enhance the potency of the analog as a therapeutic- Analogs 
having D-amino acid substitutions in the 7 and 8 positions and/or N-alkylated" or N-acylated amino acids in the 7 position are 
particularly resistant to degradation in vivo. \" 
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5 GLP-1 ANALOGS USEFUL FOR DIABETES TREATMENT 

This, is a contdquiation-in-part of . U.S. 
Application Serial No. 468 , 736," filed 24 January 1990. 

10 Technical Field " - 

The. invention relates to the field of improved 
pharmaceutical compos it ibfis : Specifically* , the invention 
. concerns analogs of the glucagon-like peptide I fragment 
7-36 or 7-37 with, improved pharmacological properties. 

15 . /- 

Background Art ' , 

Glucose metaJaoiisia is"*" regulated by a number of 
peptide hormones, including insulin; glucagon; and 
gastric inhibitory 'peptide '. (GXP) . • The- complex mechanism 

20 by which these peptide 'ho^ones reg^ate t"his" metabolism 
-and the manner in " which *6hey affec^. each other is at 
least partially elucidated. Fox~/e><amplB, glucagon binds 
to receptors on the surface of t#e pancreatic beta cells 
which produce insulin, and fstimiilates insulin secretion. 

25 Glucagon-like peptide I* has been tv suggested to stimulate 
insulin secretion but this has' hot-'ieen confirmed. 

Several - of th'd^-^ormones^ ori^inkte from a mam- 
malian glucagon precursor "progtfLrdagdh"- which is a 180 
amino acid peptide 5 ..* * Proteolysis". aJtd processing of this 

30 peptide, results in a number of thesfe protein hormones; 

•the results of the processing depend, on the origin of the 
cells in which ^isr-.odcyr^'." For example, -in the pig and 
rat pancreas, . pr oglu'cagort; is. -pifp6fessed "to form glucagon 
and glicentin-related pancreatic' ^peptide, a* large peptide 
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which contains both GLP-1 and GLP-2 setjuencesl "in" 
porcine small intestine, the secreted products are the 6 9 
amino acid glucagon-containing peptide glicentin and the 
two glucagon-lDce sequences y GLP-1 and GLP-2 as separate 
5 peptides. 

In any event, however , the overall sequence of 
proglucagon contains the 29- amino acid sequence of 
glucagon, the 3 6 or 3 7 amino acid sequence of GLP-1 and 
the 34 amino acid sequence of GLP-2," separated by amino . 
10 acid spacer sequences „ 

Early attempts to assign a pattern of activity 
to GLP-1 gave ambiguous results, and' it was subsequently 
concluded that truncated forms of this peptide are bio- 
logically active. Mojsov, S. , et al. J Clin Invest 
15 (1987) 79.: 616-619 disclose that only the 31 amino acid 
peptide GLP-1 (7-37) strongly stimulates the release of 
insulin from pancreas; although both the truncated and 
full length 37 amino acid form had earlier been found in 
pancreas and intestine- It has been demonstrated that 
20 GLP-1 (7-36), possibly with the carboxy terminus 

• amidated, is also a potent mediator of insulin release. 
(See, e.g., Hoist, J.J. , et al. FEBS Letters ' (1987) 
211:169-174). 

The invention described below concerns analogs 
25 of these truncated forms of GLP-1, which have desirable 

combinations of characteristics as they relate to potency 
in potentiating glucose-induced insulin secretion and 
glucose-induced inhibition of glucagon, secretion and to 
circulating haLf-life. The physiological effects of the 
3 0 truncated forms in potentiating glucose-induced insulin 
secretion have, been shown as described above by Hoist, 
J.J., et al. and Mojsov, S., et al. (supra). ' The 
activity of the truncated hormones in inhibiting glucagon 
release has been shown by Orskov, C. , et al. Endocrinol 
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(1988)" 123 :2009-2013; Suzuki, S.,,et*al. Diabetes ' 
Research: Clinical Practice (1988) 5(Supp. 1):S30. The 
circulating half-life of these truncated forms is 
short — approximately four" minutes as shown by Kreymann et 
5 al. The Lancet (December 5, 19*87) 1300-1303, The 

modified forms of these* truncated GLP-1 peptides provide 
the opportunity to optimize these properties. 

There , is sbme o l-iterature telating to the study 
of degradation of peptide '^brinone^s ;in the liver , and in 
10 plasma and the half-life :of such ; ^ormpnes in vivo 

. generally. An early piper -by ' rtcDbriald, ■ J."K. et al. , J 
Biol Chem (1969) 2 44 ; 6199.-62 08 Showed that a dipeptidase 
was responsible for the, .degrada^'i'oh ' of glucagon in rat 
liver. Studies .on- the g^pwth hormone releasing factor, a 
15 member of the general. gl^^agon, ..*?X^'\Ir .GLP-2 family, was 
shown to be rapidly degraded iri:Jplasma in vitro and also 
ill vivo by a dipeptidase/ (Frohman, l.A. et al., J CI in 
Invest (1986) 78 : 9,06-913 )/♦ "/&urphy, W.A. et al., in 
Peptide Research (1*88) "^showed" that some but not 

2 0 all alkylated grrowth hormone releasing factor peptides 

had higher potency in vSvo' V In particular , for example, 
the triisopropylated GRP-^29 was fouhd to be 106 times 
more active than GRFt2$ itself. On £he other hand, GRF- * 
29 which, was in methylated at the .N-terrainus was only 40% 

2 5 as potent as the parent. It was also shown that 

substitution of D-Ala position .2 of this hormone enhanced 
its potency. It was, of course, .not certain to what 
effect on properties the. enhancement of potency could be 
attributed. 

3 0 Others have attempted so'me modifications of 

GLP-1 (7-37)- It has been 'shown that deletion of the 
histidine residue at positiori 7 greatly diminishes the 
activity of the hormone/. (Suzuki,. S., .et al. (supra); 
Hendrick, G.K.; et al. Abstract: Endocrine Societ y. 

35 
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10 



Meeting. Np-w Orleans. LA (1988)). There have been 
conflicting reports concerning the effect of one or more 
C-terminal deletions (Suzuki, S., et al.. (supra); 
Yanaihara, C, et al. Abstract for A Glucagon and Related 
peptides Satellite Symposium . 8th International Congress 
of Endocrinology, July 15-16, 1988, OsaJca, Japan), 
However, there is an extensive literature with regard to 
modifications of other members of this peptide hormone 
family, such as GIP, glucagon releasing factor (GRE) , 
secretin and vasoactive intestinal peptide (VIP) , 



15 



pisclosu^e of th e Tnvention 

The invention provides modified forms of the 
GLP-1 (7-34),' (7-35); (7-36) or (7-37) human peptide or 
the C-terminal amidated forms thereof. The native 
peptides have the amino acid sequence: 



20 



7 10 15 20 25 

H-A-E-G-T-F-T-S-D-V-S-S-Y-L-E-G-Q-A-A- 

30 37 
K-E-F-I-A-W-L-V-X- (G) - (R) - (G) 



25 



30 



35 



wherein (G) , (R) , and (G) are present or absent depending 
on indicated chain length. The modified forms contain 
one or more alterations of the native structure and are 
of improved ability for therapeutic us;e. Either the 
modified forms have greater potency than glucagon to 
potentiate insulin secretion or enhanced stability in 
plasma or both. This potency and enhanced stability can 
be assessed as described below. 

The standard one letter abbreviation cpde for amino 

acids is used.. 

The analogs of the invention which- show enhanced 
insulin stimulating properties have the foregoing 
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sequence, or the C-terminal amide thereof, with at least 
one modification selected from the group consisting of: 

(a) substitution o£ a neutral amino acid, arginine, 
or a D form of lysine for lysine at position 26 and/or 34 

5 and/or a neutral amino 'acid, lysine, or a D form of 
arglnine for arginine at position 3 6; 

(b) substitution of ; .an oxidation-resistant amino 
acid for tryptophan v at positfon 31; 

(c) substitution according to at least one of: 
10 Y for V. at position 16; 

K for S at position 18; 
D for E at position 21; 
S for G at pos'ition 22; v * 
R for Q. at position 23; 
15 R for A at position 24; and 

Q for K at position. 26; 

(d) a substitution' ^comprising at least one of: 

an alternative^'siaall neutral amino acid for A 
at position 8; . 

20 an alternative acidic amino acid or neutral 

amino acid for. E at 4 ppsition 9; 
an alternative neutral amino acid for G at 
position' 10; and 

an alternative acidic amino acid for D at 
25 position 15; and : 

(e) substitution of an alternative neutral amino 
acid or the D or N-acyiated. or alkylated form of 
histidine for histidine £t position 7. 

With respect to mqtiif ications (a), (b) , (d) and 
30 (e) , the substituted" amino acids may be in the D form, as 
indicated by a superscript t# c ^ • ^ke amino acids 

.substituted at position 7' can also be in the N-acylated 
or N-alkylated forros* 
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Thus, one aspect of the invention is directed to 
peptides having enhanced insulin stimulating properties 
analogous to the above-mentioned truncated forms, of GLP-1 
(7-34) to GLP-1 (7-37) r as described above. 
5 In another aspect, the invention is directed to 

peptides which show enhanced degradation resistance in 
plasma as compared to GLP-1* (7-37) wherein this enhanced 
resistance to degradation is defined as set forth below. 
In these analogs, any of the above-mentioned truncated 
10 forms of GLP-1 (7-34) to GLP-1 (7-37) or their C-terminal 
amidated forms is modified by 

(a) substitution of a D-neutral or D-acidic amino 
acid for H at position 7 , or 

(b) substitution of a D-amino acid for A at 
15 position 8 , or 

(c) both, or 

(d) substitution of an N-acylated or N-aDcylated 
form of any naturally occurring amino acid for H at 
position 7 . 

2 0 Thus, analogs of the invention which are resistant 

to degradation include (K-acyl (1-6C) AA) 7 GLP-1 (7-37.) 
and (N-alkyl (1-6C) AA) 7 GLP-1 (7-37) wherein when AA is 
a lysyl residue, one or both nitrogens may be alkylated 
or acylated. AA symbolizes any amino acid consistent 

2 5 with retention of insulin stimulating activity. 

For substitutions of D-amino acids in the 7 and 8 
positions, the D residue of any acidic or neutral amino 
acid can be used at position 7 and of any amino acid at 
position 8, again consistent with insulin stimulating 

30 activity. Either or both of position 7 and 8 can be 
substituted by a D-amino acid; .the D-amino acid at 
position 7 can also be acylated or alkylated as set forth 
above. These modified forms are applicable not only to 

35 
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GLP-1 (7-37) but also the- shorter, truncated analogs as- 
set forth above. 

In other aspects, the invention is directed to 
pharmaceutical compositions ncontainino; one or more of 
5 these peptides as active ^ingredients and to methods to 
treat Type II diabetes using- these peptides or 
compositions thereof. * l . 

Brief Description of the Drawings .* . 
10 Figure 1 schematically outlines the classification 

of amino acids as used herein. 

Figure 2 gives a; : list of various compounds of the 
invention. * 

Figure 3 showTS the* results [of -radiolabel sequencing 
15 analysis for degradation .df two*analogs in plasma. 

Figure 4 shows the -results/ of Various GLP-1 (7-3 7) 
analogs with changes, in the aminp terminal region, to 
displace 125 I-GLP^1 (7-39) ' from^ afitino terminal specific 
antiserum. ** ■ • ;; 4 -' ! 

20 

Modes of Carrying Out the '-Invention 

The analogs of -the. invention, which are modified 
forms of the GLP^lt7-3 4)'^ (7r-a57 : ; (7-3-6) or (7-37) are 
characterized by sfaowiiig(!jdp:eater patency than 'glucagon in 
25 an in vitro assay measuring insulin release from isolated 
rat islets in culture, or^by enhanced stability in plasma 

or both. • ; ' 

Assays for .'Analogs with Erthan'&ed Insulin Release 
Stimulating Properties *■;::'.:;• 
3 0 One group of analog, of tha> invention is more 

potent than glucagon in stimulating insulin release from 
islet cells.. By* being "nfore potent than' glucagon in 
stimulating insulin release from • islet cells" is meant 
that the analog referred :to shows greater potency in an 

35 
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in vitro assay selected from the group consisting of the 
following: Rat islets for these assays are isolated by 
the method of Sutton, R. et al. r Transplantation (1986) 
£2:689-691, incorporated herein by reference. Briefly, 
5 Sprague-Dawley male rats are anesthetized and the lower 
end of the common bile duct is cannulated with a 2 FG 
cannula tied in place. The* left and right hepatic ducts 
are then ligated separately above the region of the entry 
of pancreatic ducts into the biliary tree. The rats are 
10 killed by exsanguination and 3 mL Hank's solution 

containing 7.5 mM CaCl 2# 20 mM. HEPES buffer and 1-6 mg/mL 
Type I collagenase are run into the cannula to uniformly 
distend the pancreas. The pancreas is then excised and 
placed in a beakfer on ice prior to incubation in Hank's 
15 solution containing 20 mM HEPES. buffer at 37°C 

■ After 13-25 min of incubation, the pancreas is 
removed and placed in Hank's solution containing 5 g/1 
bovine serum albumin and 20 mM HEPES buffer at 4°C. All 
of the pancreatic tissue is then gently syringed through 
2 0 a 14 FG needle, suspended in further Hank's solution 

containing HEPES as above, centrifuged: at 50. g for 10 sec 
and the supernatant is discarded. The tissue pellet is \ 
resuspended and again gently syringed, followed by 
another wash, after which the dispersed tissue is passed 
25 through a nylon mesh filter of 500 u pore size. The 

filtered tissue is centrifuged at 350 g for 5 sec, the 
supernatant discarded, and the tissue is then suspended 
in 25% Ficoll made up in Hank's with HEPES as above, on 
which was layered a discontinuous density gradient of 
30 23%, 20%, and 11% Ficoll solutions. This density 

gradient was spun at 750 g for 10 min at 4°C, and the . 
tissue obtained from the- upper, two interfaces was washed 
three times in Hank's, solution .and viewed through- a 
dissecting microscope for hand picking of islets. 
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In one ' approach the-' ability of the GLP-i analog to 
potentiate secretion from . these Islets is then determined 
according to the method pf. Schatz, H. et al. f in "Methods 
in Diabetes Research? 1 ;, (1S&4)\ Volume-.;!,/ Part C: pages 
5 291-307, incorporated; herein by reference. In this 

method, 5-10 islets per test tube are. incubated, in 1 ml> 
Krebs-Ringer-bicarbpnate'- buffer (KRB buffer) . For 
testing, glucagon or the modified analog of the invention 
is added at 5-10 /ig/ml<. ' the level of insulin released 
10 may be measured by '.the .method of Jensen, S.L. et al., M J 
Phvsiol (1978) . 2 35 ;E3B1-B386 , incorporated herein by 
reference. ■ 

The following protoqol is a- preferred method to 

15 measure stimulation of insulin 'secretion. After 

collagenase digestion r ; the islets are allowed to recover 
overnight by incubation in DMEM (Dulbeqco's Modified 
Eagle Medium 16 v/o glucose) ,. 2. 8 mM glucose, 10% fetal 
bovine serum (FBS1 at 37°C,/5% CQ£. 

20 The next ..day, - islets to -be .used for the experiment 

are transferred to DMEM, "hp glucose, 0,2% BSA (Armour, 
clinical grade, made at 5% stock) for a 60 min 
preincubation in serum-?-.? jree, glucose-free medium. Islets 
are picked up by Eppeodo'cf .pipette "and rtransf erred to 60 

25 mm TC plates containing 8..,0 mL medium arid returned to the 
incubator, for 60 min. Islets axe counted during this 
transfer. (Note: each d^ta point is 5 islets, 
experiments are usually : perforraed in quadruplicate; 
therefore, 20 islets aire^used per data point.) 

30 Typically, recoveries ar,e 150-2CL0' islets per pancreas. 

Any suspect islets — too ragged or falling apart — are not 
used. * . : " 

During the 60 min preincubation, the experiment is 
set up, so that all that is needed at the end of the 

35 
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preincubation is to transfer islets in. groups of 5 to • * 
experimental conditions. The experiment is set up in 4 8 
well TC plates with 0.5 mL medium per well. To DMEM-0.2% 
BSA is added glucose to desired concentration (usually 
5 2.8 mM for hypoglycemic conditions, 5.6 mM glucose for 
euglycemic, or 16.7 mM glucose for hyperglycemic) and 
test compound at various dose ranges (typically, 1 pM to 
100 nM) . Test compound is diluted from stock stored at 
-8 0°C and at -0.3 mM serially into phosphate buffered 

10 saline (PBS) 0.2% BSA to prevent loss on sides of tubes. 
After medium plus test compound is mixed, "0.5 mL each is 
added to 4 wells for quadruplicate data points. 

After the preincubation period, 5 islets are added 
per well. Islets are picked up by eppendorf pipette in 

15 25 ul volume. Incubation continues another 60 min, at 
which time 0.3 mL is harvested per well with care taken 
not to pick up islets. Wells are then rechecked for 
islet number. Medium is then assayed for insulin content 
using an insulin RIA. If medium is not immediately 

20 assayed, it is stored at -20°C until assay. Dose 

response curves for insulin secretion are plotted and 
ED 5Q is calculated from the curves. 

Higher potency as compared to glucagon is defined 
as either higher levels of insulin released by the analog 

25 using, the same concentrations of glucagon and analog or, 
alternatively, the same level of insulin release but 
using a lower concentration of analog than glucagon. 

While the foregoing assays form specific criteria i 
for judging enhanced potency, alternative assays can also * | 

30 be used as substitutes for those set forth above. 

An additional test for potency of the compounds of 
the invention measures their ability to stimulate cAMP 
production in RIN 1046-38 cells.. This assay can be. 
conducted as follows: 

35 
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On day 1, 5 X :105 lo46 _ 38 cells (Drucker, D-J-, 

et al., Proc Natl Acad Sol'' USA (19fl7) 8±: 3434-3438) are 

seeded into individual welis of 6-well dishes with 2.5 mL 
M199 culture medium. On day 4, cells are re-fed with 
5 fresh medium and on day' 5 /the assay is "performed. At 
this, time there are -2.0-=5.5 x ip. 6 cells per well. 
Assays are only performecLon cell passage $24. 

At time -"50 m : in, monolayers are washed twice with 
2.5 mL PBS, arid, medium iis ^changed to 1.0' mL of DMEM 
10 medium plus 4.5 g/lfglUcbse and 0*1 1$ BSA (assay medium). 
At 0 time, medium is aspirated ahcl fresh assay medium, 
1,0 mL, containing test compound' is added. Test compound 
is added in 50 ul volume "of PBS plus 0.1% BSA; controls 
are added in vehicle alone. Incubation Is continued for 
0 to 60 mm. 

At termination, conditioned medium 'and monolayer 
are harvested to measure both extra- and intracellular 
cAMP content. For eoctr a ixellular measurement:, medium is 
removed and centriftiged ' t 3 remove any cellular debris. 

20 For intracellular 'determination, after medium removal, 
1.0 mL of ice cold. 95% ethanol' is. added to monolayer. 
Cells are collected by scraping, .""ly^ed by- two cycles of 
quick freeze/thawing using liquid* K^V'and cell debris 
then removed by cetttrif ugation. J *;Aliguots (l/40th well 

25 content) of conditioned: medium '.arid ethanol cell extract 
are measured in duplicate for cAflj? levels using an RIA 
kit: by the acetyla£ed protocol. . . ' 

As above, higher potency as compared to glucagon is 
defined either as higher' cAMP stimulation by both the 

30 analog and glucagon at the same concentration, or the 
same cAHP stimulation .by the analog at a 'lower 
concentration. 

.Still other assays. for measurement of- enhanced 

35 potency to mediate insulin release can be used. 
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* The ability of the compounds to potentiate the 
release of insulin can be tested both in vitro and in 
vivo . insulin released can be detected using a standard 
antibody assay both in analysing plasma in in vivo 
5 studies and in analyzing media or perfusion liquid in 
vitro. 

For example, a useful in vitro assay uses the 
pancreatic infusion assay method of Penhos, J.C. , et al. 
Diabetes (1969) 18:733-738, as employed in the method of 
10 Weir, G.C. # et al. J Clin Investioat (1974) 54:1403-1412. 
Insulin secretion can also be measured by 'the method 
described by Hoist, J.j:, et al. FEBS Letters (1987) 
211 :169-174 (supra) . Also useful as an assay for 
insulinotropic effect is the measurement of stimulation 
15 of adenylate cyclase in the RIN 1046-38 cell line. 
Drucker, D,J. et al., Proc Natl Acad sci USA (1987) 
81:3434-3438 (supra). 

Inhibition of glucagon release can be shown as 
described by Orstov, C, et al. Endocrinol (1988) 
20 12_3 ; 2009-2013; Suzuki, S. , et al. Diabetes Research: 
* Clinical Practice (1988) 5.(Supp. 1) :S30 (both supra). 
ftssavs for Enhanced Stability to Degradation 
The therapeutic efficiency of the GI*P-1 analogs of 
the invention can also be enhanced by providing analogs 
25 with increased half-lives in vivo . By "enhanced half- 
life in vivo " is meant a demonstrated ability to resist 
degradation in the presence of plasma according to an 
assay selected from the group consisting of the 
following. In all assays, the plasma is prepared by 
3 0 coliecting blood into heparinized tubes, placing the 

tubes on ice and centrifuging at about 3,000 rpm for 10 
minutes in a tabletop centrifuge,. The. separated plasma. 
- is stored at 4°C. 
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A. Radiolabel Sequencing : 

The GLP analog is iabe^ed^by radio-iodination in 
position 19 us ing : standard ragipiabeling. methods. After 
exchange into RIA buffer: (50~.-mty\NaHPP 4 pH 7 . 4 0.25% BSA 
5 (Armour insulin and FFA f tee) , 0.5%i.BHE,. 0.002% 

polylysine (Sigma 15 , Q00 mw) , 0. 05% ..Tween 20, .0.1% NaN. ) , 
the radioiodinated peptide (about 10 cpm/50 mL) and cold 
uniodinated peptide (20 pX 100 nM) are. added into 2 ml of • 
plasma to a final concentration of jl nM and incubated in 

10 a circulating water bath;/,? or preset/ times- Total RIA 

buffer added to plasma rie^yer exceeds 5% ; of total volume. 
At the end of incubation,^ 10% bacitracin-' (w/v) in water 
is added to a fina.1 concentration; of 0.1% to stop the 
reaction. . - 

15 The plasma is then . extr£cte£ using CIS Sep-Pak to 

separate the analog and .any fragments* from the bulk of 
the plasma proteins. Sep-Pak cartridges (Waters) are 
washed with 2 fnL -of l-propanol.,. followed by 2 mL of water 
and then equilibrated witji ? mL of .2 0% CH^CN containing 

2 0 0.1% trif luoroacetic ;.aciqf ,(TFA) (Buffer A) * : 

The baaitraci^-treatec}' plasma is made 20% CH^CN 
with CH 3 CN containing 0 ;i% .TFA and is,. expressed slowly 
through a 3 .mL plastic syringe thrqugh the cartridge. 
The cartridge is then -washed with. two l.mL Buffer A 

2 5 washes and eluted with a jingle 2 mL wash of 50% CH 3 CN 

containing- Q f l%- TFA (Buffer B). into>a siliconized 12 x 75 
glass tube. Recovery of the analog or fragments is more 
than 90%. . ' :; '.' 

The eluates are concentrated to 100 .^1 in a Speed 

30 vac and transferred, to a. 1.5 m£ Eppendorf • tube to which a 
1 mL RIA buffer rinse of the original tube had been 
added. .... v..'/-'. 

To purify any analog'. o£ its*, fragments when the 
analogs of GLP-1 (7-37) are used, the concentrates are 
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treated with 5 jil of antiserum prepared to a synthetic 
peptide corresponding to residues 24-37 which recognizes 
GLP-1, GLF-1 (7-37) but not GLP-1 (7-36) • When the 
shorter forms of analogs are" used, alternate carboxy 
5 terminal-specific antisera (prepared in the same manner 
but using a peptide corresponding to residues 24-34, 24- 
35 or 24-3 6 as immunogen) are used. To this is added 100 
pi of a 10% (w/v) solution of protein A-Sepharose 
(Pharmacia) in PBS, and the mixture is incubated. 
10 overnight at 4°C with gentle rocking. The Sepharose is 
then pelleted with a 5 second spin in an Eppendorf 
centrifuge at 4°C after which the pellet is washed two 
times with cold RIA buffer and four times with cold PBS. 
Polyclonal antisera were raised in New Zealand 
15 White rabbits against a synthetic peptide fragment 

corresponding to residues 24 to 37 of GLP-1 (7-37) using 
the method of Mosjoy, S. et al. , J Biol Chem (1986) 
2 61 ; 118 B 0-118 8 9 . Initial immunizations were into the 
inguinal lymph nodes and used Freund's complete adjuvant. 
20 Two subcutaneous boosts were performed at 1 week 
' intervals after the initial immunization and used 
Freund*s incomplete adjuvant. For a single immunization 
or boast 100 /ig peptide and 100 jig methylated BSA 
dissolved in 0.3 mL phosphate-buffered saline (PBS) were 
25 emul&if ied. with 0.9 mL adjuvant.- Bleeds (50 mL) began at 
week 6 after the initial immunization and continued at 1 
month intervals thereafter. Hepeat boosts were performed 
as above when titers dropped noticeably from the level of 
the previous bleed. 
30 Serum was prepared by allowing the blood to clot 

overnight at 4°C. The clot was pelleted by. 
centrifugatio'n at 200 0 g for 15 minutes and the serum' 
removed. Serum is stored in aliquots at -20 or -80 °C. 
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The peptides .-are;' then eluted from the antibody 
protein-A sepharose complex . with th^ee 100 /xl washes of 
Buffer B. The combined 300 fj.1 of wash are then applied 
directly to an ABI model 477A sequencer used according to 
5 the manufacturer's instructions.* Fractions, from each 
cycle are. then; diverted |.or counting. Counting can be 
effected in 4. mL aijaeous /scintillant '.(ACS, Amersham) . 

The cycle at which label appears indicates the 
extent of degradation frok the N-terminus. If no 
10 degradation from -the N-terminus hai : ' occurred in the GLP- 
1 (7-37) analog, all of .the label will appear in the 13th 
cycle, corresponding t6'the tyrosine at position 19; if 
degradation has occurred, : the label will appear in 
earlier cycles. ' r>-. ' ' 

IS B. Assay by RPrrHPIjC ; 

While the f oregaiiitjf'; methcid -i'sf'a- clears criterion for 
exhibiting a longer half ^vtife in plaima;v alternative 
forms , of the assay ; f tot", this property can. also be used. 
In one convenient assayv. ithe analog' can 'be assessed for 
20 degradation into fragment's u sing * reverse' phr-ke-H PLC, 

since the fragments have 'different retention times from 
the analog per se. I A this" assay, th<& analog is added to 
plasma for various times and recovered similarly to the 
method described ab'ove> for. radio £abe;l ; sequencing 
25 analysis. Specifically, "the analocp at a concentration of 
100 nM* in RIA buffer is spiked, into l mL plasma to a 
final concentration of l nM : and vaLf ter incubation in 37 °c 
circulating water bath for various -preset times, the 
reaction is stopped by bringing the plasma to 0.1% (w/v) 
30 in bacitracin. . v : - 1 ' 

.The peptides are then •'pur if ie& ,! by Sep-rPak 
extraction as' described .above. .The r "eluates axe 
concentrated tp about i dL on a Speed-vac, diluted with 1 
mL distilled water, frozen at 80°C and lyophilized 
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overnight. The powder is resuspended in 0.5 nL Buffer C 
(0.1% TFA in water) per mL starting plasma and 0.25 mL 
are injected on a Hewlett-Packard 1090L liquid 
chromatograph using an Alltech C18 column, (0.45 x 25 cm; 
5 10 /im particle size) with a Brownlee 2 cm C18 guard 

column. The extraction is monitored at OD 214 throughout 
the run and the solvent flow rate was 1 mL/minute. A 
gradient between Buffer C and Buffer D (0.1% TFA in 
acetonitrile) is set up over a 40 minute run time. The 

10 gradient starts at 3 5% D is held for the first 2 minutes 
after injection and then increased to 42% *D over 24 
minutes. The gradient is then increased to 6 0% D over 
the next two minutes , held at this- level for 2 minutes 
and returned to 35% D over the next 2 minutes. The %D 

15 remains at 3 5% for the remaining 8 minutes, of the run* 
Fractions are collected at 0.5 minute intervals for the 
first 3 0 minutes of each run and dried in a Speed-vac. 
The samples can be assayed for the presence of analog or 
fragment using RIA (measuring competition with labeled 

20 GLP-1 (7-37) for binding to c-terminal specific 
antiserum) or by any conventional or convenient 
alternative method.. 

Radioimmunoassays for the amino or carboxyl 
terminus* of GLP-1 (7-37) use a single antibody 

IOC 

25 displacement format. Binding of X "I-GLP-1 (7-37) to 
antibody is incrementally displaced .by increasing 
concentrations of unlabeled peptide in. solution. 
Antibody bound iodinated peptide is separated from free 
iodinated peptide in solution by precipitation of the 

30 antibody-peptide complex with Pansorbin™ (Boheringer 
Mannheim) . The resulting pellet is .then counted on a 
gamma counter. 



35 



i 



mam 



WO 91/11457 



PCI7US91/005GO 



C. Loss of Bindincf. to N-Terminal Specif ic 
Antibodies- ; 

A third approach its' "assessment "of half-life in 
plasma utilizes polyclonal ; or monoclonal antibodies 
5 specifically prepared to' 'the N-teinoaihus which will fail 
to bind degraded analog* These aiiti^ era were raised 
against a synthetic peptide- corirreSpB&ding to GLP-1 (7- 
22) which contains an additional cysteine residue at the 
carboxyl terminus and is spedif itfaliy coupled to KLH via 

10 the cysteine using ma'l*sa<i-;'rtSNA as described by Aldwin, 
L. et al. Analytical Biochem- (1987) 164 :494-501; 
Polyclonal antibodies were "generated in New Zealand white 
rabbits by giving a primary immunization into the 
inguinal lymph nodefs : o& >5t)0 /xg conjugate emulsified with 

15 Freund's complete acijtrtfaht and then two ' subsequent boosts 
of 200 /ig each'in' Ftf^'uSd- 1 s incomplete "adjuvalht" at 2 week 
intervals. Blood - (50 mL) is cdli-eicted monthly thereafter 
and boosts are ".performed if titers* -aofe. lx>w. " For 
generation of monoclonal .antibodies, Baib/c mice were 

20 immunized intraperitoneal ly -with r '2 do /ig^'of conjugate in 
0.5 ml Freund's complete adjuvant. 'Mice were Boosted 
biweekly with 100 conjugate in. 0.5 ml Freund 1 s 
incomplete adjuvant. Cells isolated" from the spleens of 
these mice were fused Vrth Fox-HY/ dells tio produce 

25 * monoclonal ceil lines'. Monoclonal secreting cell lines 
are produced "using the standard Kohlfer-Millstein 
technology. Monoclonal supernatShts and polyclonal sera 
aire screened using an ELI^A' method for binding to GLP-1 
(7-37) but not to -GLP-1 .(S-37) . The- specificity is 

3 0 confirmed in standard * solution phase : RIA. 

' i: 

The kinetics-. 'of de^adation 6f GLP-1 (7-37) are 
followed by adding the analog to human plasma in RJA . . 
buffer, generally 10 ./iL of ,100 x -concentrated peptide is 
added to 1 mL of 'plasina to obtain tie desired 
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concentration; the sample is then incubated in 37 °C water 
bath and triplicate 50 fiL aliquots are removed at various 
times. The aliquots are immediately ethanol precipitated 
for radioimmunoassay using a- competition for binding of 

. 5 the N-terminal specific antibody with radioiodinated GLP- 
1 (7-37) . Disappearance of the ability to compete vith 
the radioiodinated GLP-1 (7-3 7) peptide indicates 
degradation of the analog. 

In any of these assays, the analog tested has 

10 enhanced stability if it is less rapidly degraded than 
GLP-1 (7-37). 

The Analogs 

The analogs of the invention having higher potency 
15 than glucagon or having enhanced degradation resistance 
are modified forms of GLP-1 (7-34) through GLP-1 (7-37) 
wherein, in some instances, amino acids of certain 
classes are substituted for the naturally occurring 
residues. 

20 Amino acid residues can be generally subclassif ied 

into four major subclasses as follows and as shown in 
Figure 1. 

Acidic: The residue has a negative charge due to 
loss of H ion at physiological pH and the residue is 

25 attracted by aqueous solution so as to seek the surface 

positions in the conformation of a peptide in which it is 
contained when the peptide is in aqueous medium at 
physiological pH. 

Basic: The residue has a positive charge due to 

30 association with H ion at physiological pH and the 

residue is attracted by aqueous solution so as to seek 
the surface positions, .in the- conformation of a peptide -in 
which it is contained when the peptide is in aqueous 
medium at physiological pH. * 

35 
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Neutral/nonpolar: - The residues are -not charged at 
physiological pH and the residue. is repelled by aqueous 
solution so as to seek the inn^r -positions in the 
conformation of a peptide irr which it is contained when 
5 the peptide is* in aqueous ; medium' ^These residues are 
also designated "hydrophobic" herein. 

Neutral/pola?:: The i residues are. not charged at 
physiological pH, but the residue is attracted by aqueous 
solution so as to seek the>put;er positions in 
10 the conformation of a peptide in which it is contained 
when the peptide is in ; ajgueous medium. 

It is understood, of course, that in a statistical 
collection of individual residue molecules some molecules 
will be charged,, and sqme^noty gLnd there will be an 
15 attraction for or repulsion from aiu~ aqueous medium to a 
greater or lesser extent^. To fit/ the definition of t . 
"charged", a significant .perc^nta^e^ (at; least ap- 
proximately 25%) of the individual molecules are charged 
at physiological pH. The degree!^' of.- attract ion or repul- 
20 sion required for classification ^ polar or nonpolar is 
arbitrary, and, therefore, amino aci^s specifically 
contemplated by the invention have been, specifically 
classified as one or thev other. Most amino acids not 
specifically named, can -.%-classified on the basis of 
25 known behavior. 

Amino acid residues can be further subclassif ied as 
cyclic or noncyclic., and aromatit orf'nonaromatic, 
self-explanatory classifications with- respect to the side 
chain substituent group^./pf the. residues, and as small or 
3 0 large. The residue^ is. considered small if it contains a 
total of 4 carbon atoms or less, inclusive, of the. 
. carboxyl carbon. Small rfesidues -are, of course , always 
nonaromatic. • . 
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For the naturally occurring protein amino .acids ,' 
subclassif ication according to the foregoing scheme is as 
follows (see also Figure 1) . 

5 Acidic : Aspartic acid and Glutamic acid; 

Basic /noncvclic : Arginine, Lysine; 

Basic/cvclic : Histidine ; 

10 

Neutral /polar/ small : Glycine, Serine and 
Cysteine; 

Neutral /polar/ large /nonaromatic : Threonine , 
15 Asparagine, Glutamine; 

Neutral /polar/ large /aromatic : Tyrosine; 

Neutral /nonoolar /small : Alanine; 

2Q 

fteutral/nonpolar/ large /nonaromatic : Valine, 
Isoleucine, Leucine, Methionine; 

Neutral /nonpolar/ large /aromatic : Phenylalanine, 
25 - .and Tryptophan.. 

The gene-encoded amino acid proline, although 
technically within the group 

neutral/nonpolar/large/cyclic and nonaromatic, is a 
3 0 special case due to its known effects on the secondary 
conformation of peptide chains, and is not, therefore, 
included in this-" specific defined group; 

Certain commonly encountered amino • acid's, which are . 
not encoded by the. genetic code, include, for example, 
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beta-alanirie (beta-ala) , ;or : other, qiiega-amino acids, such 
as 3 -amino propionic, 4 -amino bu£y£ic and so forth, 
alpha-aminoisobutyric acid (Aib) ? : sJarcosine (Sar) , 
ornithine (Orn) , citrulLi7ie~(Cit), homoarginine (Har) , 
5 t-butylalanine (t-BuA) ffc-butylglycine (t-BuG) , 

N-methylisoleucine (N-M^Xl^y ph^nylglycine (Phg) , and 
cyclohexylalanine " (6fia).iG^rleuc.iie -(NXe)-,: cysteic acid 
(Cya) and methionine [sulfoxide (MSO)., These also fall 
conveniently into particular categories. 
10 Based on the 0ove ..definition, 

Sar and beta-ala are neutral/monpolar /small; 
t-BuA, t-BuGr *N-Mefle, Nle^ and Cha are 
neutral/ nonpolar/laige^^n^omatit?; 

Har and Orn ;.are ba^ic/noncyclic; 
15 . Cya is acidic; . ^ ; .j^v:*.., 

Cit r Acetyl Lys, and .MSO are: 
neutral/polar/ largei/nonsiromatip; . and 

Phg is neutrai/nonpolar/large/aromatic. 
See, also; Figure,):. 
20 The various oxnega-^mino acids are classified 

according to size as neutral/nonpgiar/ small .(beta-ala, 
i.e.,, 3-aminopropionic, 4-ajnin6butyS:icJ or large (all 
others) . : ; 

Other amino acid. substitutions. for those encoded in 
25 the gene can also be included in .: peptide compounds within 
the scope of the inventiqn and "cJ&n.jbe classified within 
this general scheme. . . w 

The nomenclature used t$>\ describe GLP-rl analog 
compounds of the present ^invention follows the 
3 0 conventional practice wherein the amino group is assumed 
to the left ancj . the carboxy group to the right of each 
amino acid in the peptide. In the.rf orinulas representing 
selected specific embodiments . of the present invention, 
the amino- and' carboxy- terminal groups, although often 
35 . ** "- '. 



WO 91/11457 



PCT/US91/00500 



not specifically shown, will be understood to be in the 
form they would assume at physiological pH. values, unless 
otherwise specified. . Thus, the N-terminal H + 2 and 
C-terminal-O* at physiological pH are understood to be 
5 present though not necessarily specified and shown, 
either in specific examples or in generic formulas. 

The foregoing describes the status of the termini 
at neutral pH; it is understood, of course, that the acid- 
addition salts or the basic salts of the peptides are 

10 also included within the scope of the invention. At high 
pH, basic salts of the C-terminus and carboxyl-containing 
side chains may be formed from nontoxic pharmaceutically 
acceptable bases, and suitable counter- ions include, for 
example, Na + , K + , Ca and the like. Suitable 

15 pharmaceutically acceptable nontoxic organic cations can 
also be used as counter ions. In addition, as set forth 
above, the peptides may be prepared as the corresponding 
amides. 

Suitable acid- addition salts with respect to the N- 
2 0 terminus or amino group-containing side chains include 
the salts formed from inorganic acids such as 
hydrochloric, sulfuric, or phosphoric acid ajid those 
formed from organic acids such as acetic, citric, or 
other pharmaceutically acceptable nontoxic acids. 
25 In the. peptides shown, each encoded residue where 

appropriate is represented by a single letter 
designation, corresponding to the trivial name of the 
amino acid, in accordance with the following conventional 
list: 
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One-Letter 
Amino Acid Symbol 

Alanine A 
Arginine R 
Asparagine N 
Aspartic acid " D 
Cysteine Q 
Glutamine Q 
Glutamic acid E" 
Glycine ' 6 

Histidine H 
Isoleucine I * 

Leucine L * : 

Lysine K* 
Methionine M 
Phenylalanine " ' - 

Proline """ F ^ 

Serine s J 
Threonine T 
Tryptophan W' 
( Tyrosine Y 
Valine . ' * ' - V 

The amino acids not encoded genetically are ab- 
breviated as indicated above. 

In the specif ic 'peptides, of the present applica- 
tion, the L-fonn of ahy"'amino acid residue having an 
optical isomer is 'intended unless otherwise expressly 
indicated by a dagger (t) superscript. .While the 
residues in the analogs c-f the invention peptides are 
normally in the natiiral £ optical* "isomer form, one or 
two, preferably one; amino acid in addition to a 
•specified 11 same- amino- at cid-D fdr-ro^" substitution for the* 
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naturally occurring amino acid may be in the D 
configuration. 

In the notation used in designating specific 
analogs r the positions modified are shown as superscripts 
5 to the replacement amino acid; thus, (H^) 7 -GLP-i (7-37) is 
the noted GLP-l(7-37) form with the D form of histidine 
substituted at position 7; 

(S) 22 (Rj 23 (R) 24 (Q) 26 -GLP-l(7-37") refers to the 7-37 GLP 
form with serine at position 22, arginine at positions 23 
10 and 24, and glutamine at position 26. 

Preferred Embodiments 

A. Enhanced Stimulatory Analogs 
For analogs with increased insulin-stimulating 
15 activity, particularly preferred analog compositions of 
the invention are those wherein only limited numbers of 
modifications or substitutions, as compared to GLP-l 
truncated forms are made, Thus, preferred are those 
analogs where the modifications described in only one or 

2 0 two of the paragraphs (a) -(e) set forth above in the Dis- 

closure section occurs. 

Thus, among the preferred analogs of the invention 
are those wherein the (7-34), (7-35), (7-36) or (7-37) 
form of GLP-1 has been modified only by substitution of a 
25 neutral amino, acid, arginine, or a D form of lysine for 
lysine at position 2 6 and/or 3 4 and/ or a neutral amino 
acid, lysine, or a D form of arginine for arginine at 
position 36 (paragraph (a)). Particularly preferred are 
those wherein the amino acid substituted for lysine at 

3 0 positions 2 6 and 34 is selected from the group consisting 

of K^, G, S, A, L, I, Q, R, R* and M, and for arginine at 
position. 3 6 is selected from the group of K,.K^, G, S, A, - 
■ lr, I, Q, M, and R^. . * 
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Also preferred are' analogs wherein the sole 
modification is the substitution, ol. an 

oxidation-resistant amino acid fox tryptophan at position 

31 (paragraph (b) ) . Particularly, favored substitutions 
5 are selected from the group cojris;Lsting of F, V, L, I, A, 
and Y. . ^ ' > \ 

Also preferred ar£' those analogs wherein the only 
modification is at least^johe of those specific 
substitutions set forth ih paragraph, (c) . Particularly 

10 preferred are those analogs wherein combined 

substitutions of S for- G at position 22 f R at positions 
23 and 24 for Q and A respectively; 1 and Q for K at 
position 26 have been m^de, or substitutions of Y for V 
at position 16 and K for ' S at position 18 have been made, 

15 or these substitutions plus D for E at positions 21 have 
been made. • 

Also preferred are? analogs wherein the sole modi- 
fications are those set '£orth in paragraph (d) . Par- 
ticularly preferred among ^these are those wherein the 

20 small neutral amino acid substituted for alanine at posi- 

... v- ••• , r ' r '' % + 

tion 8 is selected from^the group consisting of S, S 1 , G, 

C, , Sar f A^, beta-ala^ and Aib;. and/or the acidic or 

neutral amino acid substituted for .glutamic at position 9 

is selected from the .group ^consisting of E^ , D, , Cya, 

25 T, T^, H, N*,.Q# , CiXf -M&0, and acetyl-K; and/or the 

alternative neutral aiin6 atiid substituted for glycine at 
position 10 is selected from .iLhe group consisting of S, 
Y, Y*, T, T 1 "., N, N*,^,.^ 1 ", City MSO,; acetyl-K, F, • 
and F^; and/or wherein, D^is substituted for E at position 

30 15. 

Also preferred are, .^analogs wherein position 7 alone 
has been altered (paragraph, (e) ). ^.Preferred ' 
substitutions are thosejtiherein the^amino acid 
substituted f or histidine at position 7 is selected from 

35 -* 
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the group consisting of H f/ y ^ ^ ?§ p t # Rf R t /0rn# 
Om^, M, N-formyl-H, N-formyl-H^ N-acetyl-H, 



N-acetyl-H^, N-isopropyl-H, N-isopropyl-H 1 \ N-acetyl-K; 
N-acetyl-Kt, P, and pt . 

Also preferred are embodiments with a combination 
of only two of the above-referenced classes of modified 
forms, in addition to the following specif ic' embodiments. 
The following specific analogs are preferred: 
(H^ 7 -GLP-l(7-37) ; 
(Y) 7 -GLP-l(7-37) ; 
(N-acetyl-H) 7 -GLP-l (7-37) ; 
(N-isopropyl-H) 7 -GLP-l (7-37) ; 
(A t ) 8 -GLP-l(7-37); 
(E^) 9 -GLF-l(7-37) ; 
(D) 9 -GLP-l(7-37) ; 
(D t ) 9 -GLP-l(7-37) ; 
(F"f) 10 -GLP-l(7-37) 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP-l (7-37) ; and 
(S) 8 (QJ 9 ( Y) 16 (K) 18 (D) 21 -GLP-1 (7-37 ) . 
B. Enhanced Stability Analogs 

Preferred forms of analogs with enhanced stability 
also have only one, or at most two, amino acid 
modifications. 

Preferred substitutions for the histidine at 
position 7 include the D-forms of acidic or neutral amino 
acids or the D-forms of histidines. Preferred are pt , 



-wt- 



t , , I** , v t f jt and H t ^ 
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The histidine at position 7, or a replacement (D or 
L) , can also be N-alkylated (1-6C) or N-acylated (1-6C) , 
Alkyl groups are straight or branched chain (including 
cyclic) hydrocarbyl residues of the indicated member of 
C. Acyl groups are of the formula RC0- - wherein R is 
•alkyl as defined above.* Preferred alkyl groups are i- 
propyl, a-propyl and ethyl; preferred acyl are acetyl and 
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propionyl. Preferred residues which may be alkylated or 
acylated include -R, D, E#- p t Q, V,'L,-.I, K and H in 
either the D or L form. 

Preferred substitutions for alanine at position 8 
are the D-forms pf P, .;Vj^l/,. I,arid A;\ also preferred are 
the D-fonns of D, £, N.,X-$,-.' ( K, T> 5 - and H. 

It is understood, • $s is demonstrated, below, that 
some specif ic. analogs jshow both enhanced insulin release 
stimulating activity anc£ : enhanced stability. 
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Preparation 

The analogs of thj^inyent J.qn ■ can. : be prepared using 
standard solid-phase techniques : f or the synthesis of 
peptides. As is generally., known j peptides of the 

15 requisite length can be £repare£ f . using coitonercially 
available equipment ■ and /re agents following, the 
manufacturers? instructipns for blocking interfering 
groups, protecting the atau.no acid to be reacted, 
coupling, deprotection, V^nd, capping, of unreacted 

20 residues. Suitable equipment . can be obtained, for 
example, from. Applied Bi'oSystems, in; Foster City, 
California, or Biosea^chlGiarppration in San Raphael, 
California. 

In a preferred method, the peptides are synthesized 
25 using standard automated sqlidt^plvase' synthesis protocols 
employing t-butoxycarbon'yl^a^ph^.ramino ^cid-s with 
appropriate s.ide-chaiji protections Completed peptide is 
removed from the soliefr phase supjapxt with: simultaneous 
side-chain deprotection Ais,ing.;.th£ standard hydrogen 
30 fluoride method. Crude;, peptides are further purified by 
semi-preparative reverse. phase-HPLC (Vydac C^g) using 
acetonitrile .gradients £#0.1$ .trif luojroacetic acid . 
(TFA). The peptides; .^i^vacuujtt. dried to remove- 
acetonitrile and lyophijized from.a solution of 0.1% TFA 

35 



WO 91/11457 



PCT/US91/00500 



in water. Purity is verified by analytical RP-HPLC The 
peptides can be lyophilized and then solubilized in 
either water or 0.01 M acetic acid at concentrations of 
1-2 mg/mli by weight. ~" 
5 The use of the aforementioned synthetic methods is 

needed if nonencoded amino acids or the D forms of amino 
acids occur in the peptides. However, ' for peptides which 
are gene-encoded, recourse can also be. had to re- 
combinant techniques using readily synthesized DMA 
10 sequences in commercially available expression systems. 

Formulation and Administration 

The analogs of the invention are. useful in the 
treatment of Type II diabetes. The analogs can be 

15 administered systemically in a variety of formulations, 
as is generally known in the art- Formulations 
appropriate for particular modes of administration for 
peptides are set forth in, for example, Remington ' s 
Pharmaceutical Sciences ,, latest edition, Mack Publishing 

20 Company, Easton, Pennsylvania. In general, the 

formulations utilize an effective amount of the analog or 
mixtures of analogs and at least one pharmaceutically 
acceptable excipient. 

A variety of modes of administration are effective 

25 in systemic treatment, such as injection, including 
intravenous, intramuscular, subcutaneous, and 
intraperitoneal injection; transmembrane or transdermal 
administration, using suitable suppositories or sprays; 
and, if properly formulated, oral administration. Suit- 

3 0 able excipients for injection include various physiologi- 
cal buffers, such as Hank's solution and Ringer* s solu- 
tion; suitable transmembrane or transdermal formulations 
contain penetrants such as bile salts or fusidatesy. and 
typical oral formulations* contain protective agents which 
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inhibit the digestion of ^the active ingredient. Also 
available are various slow-release formulations involving 
macromolecular matrices £uch as pyrrolidones and methyl- 
cellulose. Alternate drug deliver^, systems., include 
5 liposomes and microemulSions. A variety of formulations 
are workable, and the provision of appropriate formula- 
tions for the selected peptides and administration routes 
is generally understood by practitioners. 

A typical dosage range for the compounds of the 

10 invention is about 1 pg/itg-1 mg/}cg ..body weight, although 
these are approximatipns^depending upon a -large number of 
factors including the potency of the analog, ..its 
circulating half-life., . the^ individual characteristics of 
the subject, and the l'ik^.. Optimization of 

15 administration of insulin for diabetic treatment of. 

individuals is veil established, and similar optimization 
protocols are employed here. 

Examples . 
20 The following examples are intended to illustrate, 

but not to limit, the invention. _ 

Example 1 

Enhanced Insulin Stimulation bv Analogs of the Invention 
25 As shown in Figure 2; analogs , of the invention 

having a variety of substituents modifying the native 
structure have been prepared:.- Some of these analogs have 
been tested in the adenylate cyclase assay referenced 
above, with the results shown in Table 1. 
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TABLE 1 

Positive Controls 

GLP-l(7-37) 
GLP-l(7-36) (amide) 

delated Peptides 

Glucagon 
Secretin 

GIP 
GRF 

Negative Controls 

GLP-l(l-37) 
GLP-l(2-37) 
GLP-l(3-37) 
GUP-l(4-37) 
GLP~l(5-37) 

Analogs 

(H 1 ") 7 -GLP-l(7-37) 

(Y) 7 -GLP-l(7-37) 

(N-acetyl-H) 7 -GLP-l(7-37) 

(N-isopropyl-H) 7 -GLP-l (7-37) 

(K) 7 -GLP-l(7-37) 

(A^) & -GLP-l(7-37> 

(E" f ) 9 -GLP^I(7-37) 

(D) 9 -GLP-l(7-37) 

(D^) 9 -GLP-l(7-37) 

(F 1 ') l0 -GLP-l(7-37) 

(S) 22 (R) 23 (R) 24 (Q) 26 -GLP-l (7-37) 

(S) 8 (Q) 9 (Y) 16 (K) 18 (D) 21 -GLP-1 (7- 



ED50 nM 
Duplicate Assays 



0.16 
0,16 



80. 0 
NR. 
•10.0 
NR 



>10Q0 

70. 
130 
150 



1.1 
5-0 
15.5 
15.5 
350.0 
0.40 
55 : . 0 
0.17 
0.90 
12.0 
0.94 
37) 0.31 



0.25 
0.20 



14 0 
37.5 

2900 



ai 

200 
750-970 



2.2 
5.0 



0.55 
74.0 

0.28 

0.90 
23.0 

1.8 
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The various analogs' of . thfe .'invention thus show a 
useful range of . potencies -in the 'insulinotropic assay. 

*' l&aTffPle 2 »: 

5 Enhanced Stability of GTJ>-1 Analogs 

A, Demonstration of Mode of- Xnactivatdon 

The GIiP-1 (7-37) truncated hormone was 
radioiodinated and the pturif ie4 a "peptide was incubated 

10 with plasma and assayed j|y radiolabel sequencing as 
described hereinabove; The snequencing was done on 
samples at time zero, IS .-minutes -and 60 minutes. At time 
zero, a single peak : of radioactivity was found at cycle 
13 indicating no degradation. After' L5 minutes, the 

15 amount of radioactivity in cycle IT* was reduced, and that 
in cycle 11 was ■ enhanced After 60. minutes of 
incubation, virtually a 10? t-of the counts appeared at cycle 

11. •* " 

It thus appears that a. single dipeptidyl 
20 aminopeptidase cleavage <ii responsible for the 
degradation of the* jGEP-1 f { 7-3-7) peptide. * 

The foregoing" results are*, <:on's,isteht with 
degradation as measured by RIA using N-terminal specific ' 
and C-terminal specific a[htisera r When incubated with 
25 plasma as described above and tested by RIA, no 

diminution in the ability' of th£ "-recovered fragment to 
inhibit binding of radiolabeled GLP-1 (7-37) to carboxy 
terminal-specific -antibody ;was found; however, the 
ability to inhibit bindirig to the amino terminal-specific 
30 antibody decreased -almost "to zferd after 1 hour. 

B. GLP-1 (7-37) Analogs Tested by Radiolabel Sequencing 

The radiolabel sequencing metiio'a of degradation 
analysis was conducted using a GLP-1 (7-37) analog which 

35 
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contained either D-Asp in the 9-position or D-Ala in the 
8-position. The results of this assay are shown in 
Figure 3. Figure 3A shows the results for (D^) 9 -GLP-1 
(7-37) and Figure 3B shows the results for (A^) 8 -GLP-l 
5 (7-37). As shown in these figures, the (D^)* analog 
degrades in a manner similar to GLP-1 (7-37) ; on the 

t 8 

other hand, the (A 1 ) analog showed almost no degradation 
after 60 minutes. 

10 C. Analogs Tested by RIA 

The N-terminal specific antibody can be used to 
measure the degradation of analogs only if it is able to 
cross-react with these analogs , which themselves contain 
alterations in the N-terminus. Figure 4 shows the 

15 results for analogs modified at positions 7 , 8 and 9. 

(Y) 7 , (H*) 7 and (A*) 8 appear to be capable, although at 
high concentrations, of cross-reactivity; (D^) 9 is not. 
The cross -re acting peptides were incubated with plasma 
for 60 minutes at high concentrations (10-100 nM) and 

2 0 tested by KTA using RIA against the N-terminal specific 

antibody. Consistent with the results in paragraph B, 
t 8 

the (A 1 ) analog was not degraded after 60 minutes, nor . 
was the (H^) 7 analog. However, the (Y): 7 analog was 
degraded. 
25 • . 

D. Analogs Shown Protease Resistant bv HPLC 

The resistance of various analogs to degradation as 
compared to GLP-1 (7-37) was also tested by HPLC as 
described above. The incubation in plasma was for 60 

3 0 minutes; either degradation was not observed or was 

complete after this time. The results are shown in Table 

35 
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TABLE ' 2 



Resistance to 
Analog ' _ Degradation 



(H*) 7 GLP-1 (7-37) + 
(N-acetyl-H)^ GLP-1, (7 r 37) . . + 

(N-isopropylrH) 7 GtP-1 (-7^37) : ... + 
(Y) 7 GLP-1 (7-37) . , : " 

(K) 7 GLP-1. (.7-37) 

(N-acetyl— K) 7 GLP-1 (7-3.7) -fc 
(S) 8 (Q) 9 (y) 16 (K) 18 (p) 2 ^ ?LP-1 (7-37) . 
(A*) 8 GLP-1 (7-37)^ 



(D*) 9 GLP-1 (7-37 j' 
(E 1 ") 9 GLP-1 (7-3 7). 
(Q) 9 GLP-1 (7-37) 



30 
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claims 

1. A peptide useful as a therapeutic for Type II 
5 diabetes, said peptide being more potent than glucagon in • 
stimulating insulin release from islet cells, and said 
peptide consisting essentially of GLP-l(7-34), 
GLP-l(7-35) , GLP-l(7-36), or GLP-l(7-37) or the 
C-terminal amide form thereof, having at least one 
10 modification selected from the group consisting of: 

(a) substitution of a neutral amino acid, arginine, 
or a D form of lysine f6r lysine at position 26 and/or 3 4 
and/or a neutral amino acid, lysine, or a D form of 
arginine for arginine at position 36; 
15 (b) substitution of an oxidation-resistant amino 

acid for tryptophan at position. 31; 

(c) substitution according to at least one of: 
Y for V at position 16; 
K for S at position 18; 
20 D for E at position 21 ; 

S for G at position 22; 
R for Q at position 23; 
R for A at position 24; and 
Q for K at position 26; 
25 (d) a r substitution comprising at least one of: 

an alternative small neutral amino acid for A 
at position 8; 

an alternative acidic amino acid or neutral 
amino acid for E at position 9; 
30 an alternative neutral amino acid for G at 

position 10; and 

an alternative acidic amino; acid for D' at 
position 15; and 
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(e) substitution of ah alternative neutral amino - 
acid or the D or N-acylaited or alkylated form of 
histidine for histidine at- position'-.? 

wherein for fa) / (b) ', "(dj'Va^. (e) , the substituted 
5 amino acids can optionally be in the D form and the amino 
acids substituted at positiofi 7 ''cah-J optionally be in the 
N-acylated or N-aUcylai^d- f orm. <; . 

2* The peptide-, of ji claim iL Wherein' the* only 
10 modification is as set- forth iii paragraph (a) of claim l 
and wherein the amino aclH substituted for lysine at 
positions 2 6 and/or 14 is selected from the group 
consisting of , G f S, ?tf\L, I, 'tit, '"Hi R and R* and the 
amino acid substituted tfyr argihtne at position 36 is 
15 selected from the ^roiip consisting of K* F K^, G> S, A, L, 
I , Q, M, and > ri ' ^ : * 

optionally in combination with* a modification as 
set forth in one additional par&gfraph of " claim 1. 

2 0 3. The peptide of claim 1 wherein the only 

modification is as- set forth in^paracjraph (b) of claim 1 
. and wherein the amino acim /substituted for tryptophan at 

position 31 is selected f ro'ni' thV^gtoup consisting of F, 

V, L, I, A and Y r ' ' - v ■ 
25 - optiohaliy in combination with a modification as 

set forth in one additional paragraph of claim i. 

4- The peptide" of 'claim 1 : Wherein the only 
modification is as set^fcfrth in paragraph (c) of claim 1 
30 and wherein combined substitutions of S for G at position 
22, R at positions 23 and' 2.4 for Q'&nd A respectively, 
and Q for K.at position 2"£ ftave.been jnade, or * 
substitutions of Y for -V at; .position .16 and K for S at 
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position 18 have been made, or these substitutions plus D 
for E at positions 21 have been made, 

optionally in combination with a modification as 
set forth in one additional-paragraph of claim l. 

5 

5. The peptide of claim 1 wherein the only 
modification is as set forth in paragraph (d) of claim 1 
and wherein the small neutral amino aaid substituted for 
alanine at position 8 is selected from the group 

10 consisting of S, s\ f G, C, C^ r Sar, A^, beta-ala, and Aib 
and the acidic or neutral amino acid substituted for 
glutamic at position 9 is selected from the group 
consisting of E^ , D, D^, Cya, T, , N f , Q, , Cit, 
MSO, and acetyl-K, and the alternative neutral amino acid 

15 substituted for glycine at position 10 is selected from 
the group consisting of S, , Y, Y^, T, T^ , N, N^, Q, 
Q^, cit, MSO, acetyl-K , F, and F^ , 

optionally in combination with a modification as 
set forth in one additional paragraph of claim l. 

20 

6- The peptide of ' claim 1 wherein the only 
modification is as set forth in paragraph (e) of claim 1 
and wherein the amino acid substituted for histidine at 
position 7 is selected from the group consisting of H^, 
25 Y, , F, R, r" 1 " , Orn, Ora" 1 " , M, M 1 " r N-formyl-H, 

N-formyl-H*, N-acetyl-H, N-acetyl-H*, N-isopropyl-H, 
N-isopropyl-H*, N-acetyl-K; N-acetyl-K* ,* P, and P* , 

optionally in combination with a modification as 
set forth in one additional paragraph of claim l. 

30 
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7. The peptide of claim 1 which is selected from 
the group consisting of , 

■*•'. 

(H t ) 7 -GLP-l(7-37) , ; . ^ . . 
5 (Y) 7 -GLP-l(7-37) , 

(N-acetyl-H) 7 -GLP-l(7-37.) , 
(N-isopropyl-H) 7 -GLP-l (7.-37) , ' 
(A* f ) B -GLP-l(7-3 7) • r 
10 (Etj 9 -GLP-l(?-37j ; "~ 

(D) 9 -GLP-l(7-37) .,■ , ■• • 

(D t ) 9 -GLP-l(7-37>, 

(F t ) 1 °-GLP-l(7-37) ' : 

15 

(S) 22 (R) 23 (R) 24 (Q) 26 -GI^ : -lC7-37) , ^2ld , 
(S) 8 (Q) 9 ( Y) 16 (K) 18 (D) 21 rfeLP-l (7-37 > . 

8. A peptide, useful as a therapeutic for Type II 
2 0 diabetes, said peptide having enhanced resistance to 
degradation in plasma as* ; compared' to GLP-1 (7-37) and 
said peptide consisting Essentially of GLP-l(7-34), 
GLP-l(7-35), GLF-l(7-36), or GLP-l(7-37) or. the 
C-terminal amide form thereof, having, at least one 
25 modification selected from the group consisting of: 

(a) substitution of the D form of a neutral or 
acidic amino acid -or the-: D form of. histidine for 
histidine at position 7; 

(b) substitution of a D f qtnn .of an amino acid for 
30 alanine at position 8; and 

(c) substitution of an N-icylated (1-6C) or N- 
alkylated (1-6C) form of. an alternate amino acid or of 
histidine for histidine at position 7. 
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9 • The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (a) of claim 8 
and wherein the D form of the amino acid substituted for 
histidine at position 7 is srelected from the group 
consisting of pt, D*, E*, , , J*, V*, it and H t, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8, 

10. The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (b) of claim 8 
and wherein the D-amino acid at position 8 is selected 
from the group consisting of pt f v t^ L t^ jt # and A t^ 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. 



11- The peptide of claim 8 wherein the only 
modification is as set forth in paragraph' (c) of claim 8 
and wherein the alkylated or acetylated amino acid is 
selected from the group consisting of P, D f E f N, Q, V, 
20 L, I, K AND H, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. 

12. A pharmaceutical composition useful in the 
25 treatment of diabetes Type II which comprises an 

effective amount of the peptide of claim 1 or 8 in 
admixture with a pharmaceutically acceptable excipient. 

13. A method to treat Type II diabetes which 

30 .method comprises administering to a subject in need of 
such treatment, an effective amount of the peptide of 
claim 1 or. 8 or a pharmaceutical composition' thereof . 
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14. The peptide of claim 8 which is selected from 
the group consisting of 

(H* f ) 7 -GLP-1 (7-37* , - 
5 (N-acetyl-H) 7 -GLP-l (7-37), 

(N-isopropyi-H) 7 -GLP-l (7-37)., 
(N-acetyl-K) 7 -GLP-l (7-37), and 
(A*I") 8 -GLP-1 (7-37) . 

10 
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Acidic: Glu (E), Asp (D); Cysteic (Cya) 



Basic: 



Non-cyclic: Lys (K), 1 Arg (R); Ornithine (Orn); 

. Homoarginin (Har) 



Cyclic: His (H) 



Neutral 



Polar 



Small 




Non-Polar 



Small 



Non-aromatic Aromatic 



Large 



Nori-aromatic Aromatic 



Gly (G) 
Ser (S) 
Cys (C) 



Thr(T) 
Asn (N) 
Gin (Q) 

Cit 
MSO 
Acetyl Lys 



Tyr (Y) . Ala (A) Val (V) Phe (F) 

Leu (L) Trp(W) 
De (I) 



Sar tBuA 
Beta-ala tBuG Phg 
Aib "' N-MeUe 

Nle 

Cha 
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'• - figure ' < ? , &r • •■•■•>■•• ■ 

The following are modified forms, as shown, of 
GLP-l(7-37) : 



A-l 


<hV 


A-ll 




A- 2 


<*> 7 


A-12 


(N-formyl-H) 7 


A-3 




A-13 


(N-f ormyl-H^ ) 7 


A- 4 


(F) 7 


- A-14 


(N-acetyl-H) 7 


A- 5 




A-15 


(N-acetyl-H^) 7 


A- 6 


7 


A-16 


(N-isopropyl-H) 4 


A-7 


(R^) 7 


A- 17 


(N-isopropyl-H 1 ") 


A- 8 


(Om) 7 


A- 18 


(K) 7 . 


A» 9 


(Ornt) 7 


A-l? 


(kV 


A-10 


(M) 7 


A-20 


(N-acetyl-K) 7 


A-21 


(N-acetyl-K^) 7 


A-31 


(beta-Ala 8 ) 


A-2 2 


(P) 7 


A-32* 


(Aib 8 ) 


A-23 


(p t)7 


A-33 


(E*) 9 


A-24 


(A T ) 8 


A-3 4 


(D) 9 


A-25 


(sar) 8 


A-3 5 


(Dt) 9 


A-26 


o 

(C) 8 


A-3 6 


(Cya) 9 


A-27 


(C T ) 5 


A-3 7 




A-28 


(G) 8 


A-3 8 


(T t,9 


A-29 


(S) 8 


A-39 


(N) 9 


A-30 


(sV 


A-40' 


(Nt, 9 


A-41 * 


(Q) * 


A-51 


' (Tt) 10 


A-42 




A-52 


(N) 10 


A-43 


(Cit) 9 


A-53 




A-44 


(MSO) 9 


A-54 


(Q) 10 


A-4S 


(Acetyl-K) 9 


A-55 


CaV 0 


A-46 


(s) 10 


A-56. 


(Cit) 10 


A-47. * 


(S^IO 


A-57 


(HSO) 10 


A-48 


(Y) 10 • 


• A-58 


(Acetl-K) 1 .° 


A-49 




A-59 


(Ft) 10 


A-50' 


(T) 10 + 


A- 60 


(S) 22 (R) 23 (R) 24 
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.FIGURE 2. con't 



A-61 


(S) 8 (Q) 9 (Yj 16 (K) 18 (0) 21 


. A-71 


(A) 25 


A-62 


(T) 16 (K) 18 


A-72 


(Q) 26 


A-63 


(Y) 16 


A-73 


(Kt) 26 






A-74 


(G) 26 


A-65 


(E) 15 


A-75 


(S) 26 


A-66 


(K) 1B 


A-76 


(A) 26 


A-67 


(D) 21 


A-77 


(h) 26 


A-68 


(S) 22 


A-78 


(I) 26 


A-69 


(R) 23 


A-79 


(R f ) 26 


A-70 


(R) 24 


A-80 


(M) 26 


A-81 


( K t) 34 


A- 91 


(L) 31 


A-82 


(G) 34 . 


A-92 - 


(I) 31 


A-8 3 


(S) 34 


*. A-93 


(A) 31 


A-84 


(A) 34 


A- 9 4 


(Y) 31 


A-85 




A-95 


(R*) 34 


A-8 6 


(I) 34 


. A-9 6 


(Q) 36 . 


A-87 


(Q) 34 


A-97 


(K) 36 


A-88 


(M) 34 


A-98 


(K+) 36 


A-89 


{F) 31 


A-99 . 


(G) 36 


A9 0 


(V) 31 


A-100 


(L) 36 






A-101 


(I) 36 






A-102 


(Q) 3S 






A- 10 3 


(H) 36 






. A-104 


(R*) 36 






A-105 


(S) 36 






. A-106 


(A) 36 
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"O" documanl referring to an oral diiclosun, tiV. e«nJbUl'on or 
othar means 

•P" document published prior to In* International riling- dala^bXil 



"T" \kiti dormant published allar th# International flllng dalft 
orprioaitr dala and not In conflict with tha ippUcallon but 
. .£**■(* to und.rsund tha prtnctpla «' theory underlying the 
invention 

"X" documanl of particular relevance: lha claimed Invention 
cannot .be considered nova) or -cannot be comidared to 
Involvn-an Inventive step 

"Y" "doeiiroint ol particular relevance: tha clatmad Invention 
• cannot-be considered *io rrrveUeeft Iruenuva tltp whan Ifta 
document Is combined- wHh on* or mora othar tuch docu* 
mania, autlrcomblnatLon being obvious lo a person afciUed 
In the «4 .: ■ : . • ' 



1,,B " r ' . .J..^ : . 

IV. CEftTIFICATION ^ 




Date of the Actual Completion of the International 3ca/ch * '*. 

• ■^ 

07 MARCH 1991 "V 


Date ol "WiHlnp.ol'thla Intcfnatlorval Seirch Report } • 

• '29 APR 1991 

■ .-•* j : ' ; 


International Scorching Authority i - - 

ISA/US 


.. Signature of Aiflhofhad Omcer ■• . - | 

\ AVIS DAVENPORT ■• 
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FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



* p 0 «.« t .on *«. PCT/US9 1/00500 



V.Q OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUNO UNSEARCHABLE < 

Tlilt International ttirch report ha» ncl been eHibHihad In rasped of ctrtiln claims undar Article 17(2) (ft) tor the following reasons: 
t.Q Claim numbers , bccausethf* relate to subject meitef » not requlrad to be levelled by thli Authority, namely: 



2.Q Claim numbers , because they relet* to parts of In* International application that do not comply with the prescribed rcquire- 

mants to such an extent that no meaningful International search can bt carried out ». specifically: 



3. n Claim numbers , because they arede^wocWntdatmrnot drafted In accord a/x» with ih» second and third sentences of 

PCT Rule 6.4(a). 

VI.Qc] OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING* 

This International Searching Authority found multiple Inventions in this International application as follows: 

.See Attachment 

As all required additional sesrch fees were timely paid by the applicant, this International search report covers 0L *«srchabla claims 
of the International application. - 

2.fl As only some of the required additional search lees were tlm«r> paid by the applicant, this international w„ ... r-pwt wwers only 
those ctilms of the International application for which tees were paid, specifically claims: 

J.ficl No required additional search Ices were timely paid by the applicant. Consequently, this international search report It restricted to 
the Invention first mentioned In the claims; It Is covered by claim numbers: 

1-7 and 13 (Telephone Practice) 

4. Q Ai all searchable claims could be searcntd without effort testifying an additional fee, the tntemahonal Searching Authority did not 

»n«te pajment ot nnr additions) lee. 

Remark on Protest .**-*. 
n the additions! aeareh lees were accompanied by applicant's protest. 

^— ' , m * ■ % . ■ . 

[~| No protest accompanied the payment ol additional learch Ices. 
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\ ;;' pr.T/ifsqi/on^on : 

Attachment rn VCT/1 S A/21 0 . .. *. 

VF. Observations Wh^rft Unity or" Tnvpntion is r.^rl.t ruj 

T. Claims 1-7 and 13 »ro drawn rn t p^ptid^s wh i rh .in- 
mor« potent than glucagon in stimulating insulin 
rolpa«H from. jslPit o«lls classified in cl^sn S^n. 
subclass 306. * 

It. Claims 3-33 and 1.4 arp drawn to the ppptidps with 

K;i!ianrrrt n*r: i s I -ince tr: degradation classified in clayy 
530, subclass 308. 

IIT. Claim 12 is drawn to che pharmaceutical composiLir >n 
*• I .i fi orl in class 514, subclass 12 
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